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1. Introduction
In the last years technology had an explosive evolution in the development of new minimal
invasive medical instruments and led to a novel need and a brand new field: virtual medicine.
Virtual reality is an "in silico" simulation of a real situation. In particular, in surgery, dimen‐
sional modeling of deformable objects with spatial characteristics and specific elastic-dynamic
behavior is required. In addition, simulation of tools and their action against the organs in the
virtual environment is also required.
The purpose of virtual medicine is to minimize the direct exploration of the human body in
order to provide a virtual model for those who want to learn new techniques and to provide
advanced treatment options for those who perform delicate maneuvers or in areas inaccessible
by conventional methods: in short to minimize the invasiveness of treatment.
Also a number of virtual techniques tend to be held in the virtual environment of the Internet,
allowing remote accessibility and an increased number of users.
This chapter is a literature review that explores the current virtual techniques used in research,
education, treatment and development trends of these methods in the future.
2. Short history
First virtual system proposed in medicine was developed by Robert Mann in 1965 [1]. It was
used to decide what the best procedure for a orthopedic disease would be. Also this system
was used for training residents [2].
In the 60s, the first simulators with 3D images appeared. In the 80s the head mounted display
(HDM) were developed and the term “virtual reality” was defined. Over a decade later came
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the application of virtual reality used in medical education (simulator of colonoscopy and
upper gastrointestinal endoscopy) and the first simulator for laparoscopy appeared. The
simulation systems became more advanced in time, but it was necessary to develop tactile
interaction between man and machine. Haptic systems involve the transmission of information
from human to computer and vice versa. Virtual reality nowadays is closely linked to haptic
devices with force-feedback [2].
3. Research methods using virtualization in medicine
Among research methods using virtual medicine there are a number of examples of software
that is used for the three-dimensional reconstruction of protein molecules. Understanding how
proteins (whose structure of amino acids is known) are "packed" to reach the three-dimensional
structure of the molecule and especially understanding errors of "packing", helps researchers
in deciphering the molecular biology of diseases such as: Alzheimer's disease, mad cow
disease, Huntington's disease, Parkinson's disease, cystic fibrosis and cancers.
The need for high computing power has led to the creation of online communities such as
Rosetta@Home, Human Proteome Folding and Folding@Home. Within these communities an
internet user can offer their unused computing capacity of its personal computer to participate
in these projects [3-5].
The usefulness of these programs is to understand the physico-chemical properties of different
types of proteins and different types of interactions between amino-acids, as well as the
evaluation of local energy of short sequences of amino acids. This way the researchers could
identify the structures with the lowest energy (i.e., the greatest stability) resulting in the most
stable structure of the native protein. Moreover, one can understand the most predictable
possibilities of packing for abnormal proteins that can cause diseases. Using computational
power of multiple systems generates more structures and several search strategies are tested
in order to identify the most effective one.
Foldit game is based on the Rosetta platform. The player or groups of players are able to
manipulate the amino acid chain to achieve minimum energy conformations, those that
achieve the most favorable energy structure win [6].
Another application helps to identify ways in which a number of drugs bind to a receptor of
known 3D structure of a HIV component [7].
4. Methods in medical education that utilizes virtualization
As a method of education, virtual medicine is used in various ways: either to explore the human
body, without interacting with the analyzed structures, or by performing maneuvers on simple
or complex structures (up to simulate human organs) to quantify gestures.
Satava describes the features of ideal simulator: high fidelity, capacity to simulate the physic-
dynamic characteristics of organs, to be interactive and to provide haptic feedback [8].
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Some examples of the exploration of the human body for anatomical study are: Visible Human
Project [9, 10], The Virtual Body [11]; The Virtual Human Embryo [12]; The Visible Human
Server [13]. Most of these resources are online atlases of three-dimensional reconstruction
images obtained from computerized tomography or MRI. These sites allow interactive
navigation and detailed anatomical study of the structures concerned, including relations with
other organs.
Three-dimensional reconstruction of intracellular organelles for a better understanding of
physiology is another area in which the research was conducted, allowing visualization of how
these structures interact [14].
Rapid development of laparoscopic techniques require the implementation of special training
and acquisition of special technical skills. Design and modeling of three-dimensional virtual
environments that respect the anatomy and intraoperative conditions require close collabora‐
tion between dedicated surgeons and engineers in order to develop such platforms. The virtual
environment is connected to a console that allows the surgeon to manipulate the virtual
instruments through a dedicated joystick. Also some devices use a system for haptic feedback
simulation. Simulation is now an integrated part of medical education. These simulators allow
the trainee to make mistakes and to learn how to avoid or to solve them, in order to reduce
complications in the real procedures.
Of these simulators the best known are: MIST-VR, The LaparoscopyVR [15]; LapMentor [16];
LapSim [17].
MIST-VR system allows the surgeon’s training in a virtual space assimilated to a three
dimensional cube where the student can perform different moves with a cylinder and balls
and the difficulty can be graded in 6 steps. The time to accomplish the tasks as well as the
errors are quantified. The system is used to learn simple gestures in laparoscopic surgery, but
does not have force-feedback [18].
The surgical simulator LaparoscopyVR (LapVRTM) is a virtual reality simulation system that
enables learning and updating skills needed in laparoscopic surgery. The LapVRTM system
combines laparoscopic simulation software with haptic hardware, providing a complete unit
for the virtual reality training. LapVRTM was designed to help surgeons in acquiring, main‐
taining, preserving and assessing movement skills and knowledge necessary to perform
various laparoscopic surgery procedures. Clinical studies show that novice surgeons trained
by laparoscopic simulation have skills that help them in real procedures. LapVRTM system
allows both individual and team training and provides a basic technical module composed of
five skills steps with increasing levels of difficulty: camera navigation, using the hook elec‐
trode, cutting, clipping, suturing and knot tying. The system also contains a module for
laparoscopic cholecystectomy with 18 variants of cases and three levels of difficulty as well as
one of obstetrics and gynecology that allows simulation of laparoscopic operations performed
for ectopic pregnancy, tubal occlusion and adnexa’s pathology [12].
Multidisciplinary laparoscopic surgical simulator LapMentorTM provides training opportuni‐
ties for beginners and experienced surgeons from basic laparoscopic skills to complete
laparoscopic operations. LapMentorTM was designed to meet the needs of training and practice
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of physicians as well as the assessment and management of their instructors. The system is
characterized by life-like view of human anatomy and perception of tactile sensations using
laparoscopic instruments that mimic reality (haptic system). Application modules provide a
relaxing environment outside the operating room to help learning essential skills for a variety
of laparoscopic procedures: basic techniques module, suturing module, laparoscopic chole‐
cystectomy module, ventral hernia module, gastric bypass module and gynecology module.
The basic techniques module was designed to train surgeons in basic skills in minimally
invasive procedures: camera navigation (with 0º and 30º laparoscope), handling of usual
instruments, manipulating objects, clipping and cutting. Suture techniques module allows
surgeons to learn intracorporeal suturing and knot tying, providing a perfect training envi‐
ronment similar to real-life practice. Laparoscopic cholecystectomy module includes virtual
patient reconstructions obtained from CT / MRI images of real patients with multiple ana‐
tomical variants and thus training surgeons in recognition of anatomical variants and suc‐
cessful resolution of surgical complications. The Ventral hernias module represents the first
opportunity to train surgeons with skills necessary to perform laparoscopic hernia repair
procedures and inserting prostheses of different shapes and sizes. The gastric bypass module
helps surgeons accustomed with basic laparoscopic surgery in learning, performing and
perfecting stages of this bariatric procedure in a safe and monitored environment. The
gynecological laparoscopic module trains surgeons in learning different methods applied in
the treatment of ectopic pregnancy, tubal sterilization and adnexal disease. Videos of all
laparoscopic interventions are available before or during simulation. The skills and knowledge
acquired during the virtual training increases surgeon’s experience, allowing them to cope
with intraoperative complications, such as: bleeding from the implantation site of trocars,
organ rupture, flooding the abdominal cavity with blood. LapMentorTM system provides all
the elements necessary to validate acquired skills and recorded performances. Detailed
information on handling tissue, handling tools, time and movements efficiency are collected
during the training session to allow evaluation of the level of skill. Performance indicators are
recorded in a file and can be viewed on simulator [19].
LapSimTM system provides a virtual environment very similar to the real one as well as
extremely useful simulations for common practice. The skills acquired through this system are
directly transferable to the operating room. The interface is easy to use and practical sessions
vary in complexity depending on the chosen level. Courses can be modified by an instructor
according to specific needs. Functions can be imported and exported to be transferred between
instructors and institutions. Standard modules of this system are: the basics skills, anastomosis
and suture, laparoscopic cholecystectomy and one dedicated to gynecology [14].
SINERGIA is a new type of simulator for laparoscopic surgery composed of seven teaching
modules: eye-hand coordination, handling the camera, grasping, pulling, cutting, dissection
and section. It also can achieve differentiation between levels of student skills. Yet, even this
simulator does not have an integrated haptic system [20].
Compared to physical simulators (artificial or animal model), virtual simulators stimulate the
learner to perform all duties listed and evaluated by software, it does not require the presence
of a permanent trainer to verify the correctness of performing the tasks and evaluates more
accurate the gestures of the surgeon. Virtual systems for surgical training can be used for
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assessing the competence of the surgeon. In addition, warm-up concept can bring increased
surgical performance. This concept allows the warm-up by making virtual preoperative
procedure and later, the surgeon will perform the actual procedure. To improve this concept
for preoperative phase in virtual environment, three-dimensional reconstructions created from
CT of the patient to be operated can be used, thus simulating more accurately the patient's
own anatomical variations in the virtual environment.
The VERT system is a virtual environment used in the training of radiotherapy physician
and provides a platform for acquiring the skills necessary for doctors, nurses and auxili‐
ary staff [21, 22].
VirRAD project is an online platform that includes a virtual laboratory where the radiophar‐
macy community members can experience and learn different aspects of practice [23].
A team from the United States has developed a virtual learning system used for EndoStitch
device suture learning and performing laparoscopic nodes. It includes in addition to the virtual
environment a working console and a haptic feedback [24].
The usefulness of virtual medicine as a diagnostic method is exemplified through a relatively
known example: virtual colonoscopy. This examination allows inspection of virtual colonic
lumen obtained using three-dimensional reconstruction based on computed tomography
images acquired from a patient. The range of examinations is currently expanded to virtual
gastrointestinal exploration, three-dimensional assessment of vascular lumen-especially if
coronary obstruction. Also the new geometry of the damaged heart wall after a myocardial
infarction could be explored.
For intravenous catheter insertion, CathSim system was developed, that provides the student,
besides the virtual environment, with a working console with tactile feedback and a series of
simulations of complications that may occur during the real procedure [25].
A large number of simulators were developed for: endoscopic sinus surgery, endoscopic
gastrointestinal procedures, bronchoscopy, arthroscopy, cardiac catheterization and ophthal‐
mic surgery [26-29].
By integrating knowledge in the field of acupuncture and three-dimensional reconstruction
based on images obtained from computer tomography, Chinese Visible Human was created,
which is useful in education and research in Chinese medicine [30].
In dentistry there are 3D models of teeth or of an entire human head simulating the details of
anatomy of the teeth or mouth. The trainee could perform drills having a haptic feedback. Also
a Virtual Reality Dental Chair system (HapTEL) enables the trainee to test and learn various
skills [31].
5. Methods of diagnostic and treatment using virtualization in medicine
There are a number of softwares for three-dimensional reconstruction of organs using 3D
ultrasound images or 4D CT or MRI images, acquired for a more accurate evaluation of
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diseases. Some software even allows a simulation of the proposed intervention thus achieving
preoperative planning.
During remote interventions, the surgeon acts on a virtual environment, the operation itself is
performed by a surgical robot. This kind of procedure was performed in September 7, 2001
and was called „Lindbergh operation” during which Professor J. Marescaux located in
Strasbourg performed a laparoscopic cholecystectomy on a patient who was in New York (at
a distance of approx. 15000 km) using a ZEUS robot (Computer Motion), the surgeon’s
presence being virtual [32].
The utility of this technology is to use the expertise of a specialist at a great distance (i.e. space
station) to perform surgery (telemedicine) or to help a less experienced surgeon during
interventions with high difficulty (telementoring).
The use of robots in surgery allows more accurate movements, avoiding surgeon’s tremor,
smaller incisions, decreased blood loss, quicker postoperative recovery, etc.
The new models of modified DaVinci robot uses three-dimensional immersion type image,
allowing detailed visualization of the operative field, besides haptic feedback [33].
Virtual reality refers not only to virtualization of visual perception but also to virtualization
of tactile perception, the touch feeling being essential in surgery. Haptic systems are designed
as a virtual environment for the sense of touch, allowing artificial tactile perception of objects
created in the virtual environment or of real objects touched by surgical robot, the sensations
being transmitted to the interface with the surgeon.
VerroTouch system is an extension of DaVinci robot proposed by Kuchenbecker et al [34]
which makes transfer of vibrations measured by surgical instruments attached to the robot-
surgeon interface, allowing haptic sensation to the operator.
Augmented reality facilitates surgical intervention by projecting in the operative field inner
images of the organs located in the visual field. These images are obtained by three-dimen‐
sional reconstruction from CT or MRI after acquisition and processing. The projected images
are adjusted according to the position of organs, instruments and actions of the surgeon in the
operating field. For example, large intrahepatic vessels can be projected on the surface of the
liver capsule, showing a useful map to the surgeon in order to avoid injuries. This is called
also „intraoperative navigation” and it shows the surgeon where he can find important
elements and also the anatomic variations.
Navigation systems have been proposed for NOTES (Natural Orifice Transluminal Endoscopic
Surgery) surgery [35, 36] which reduce intraoperative accidental injuries. It uses three-
dimensional reconstruction from images captured by CT and data of real-time location of the
endoscope. The main problem with augmented reality is identifying common reference points
of real images and of those obtained by preoperative three-dimensional reconstruction.
Augmented reality is very useful during minimally invasive interventions, where the visual
field is diminished and thus the orientation of the surgeon in the operating field is hampered.
The current systems of virtual reality and augmented reality fail to perfectly simulate the
interaction between surgical instruments and organs. In the future, the researchers aim to
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improve the interaction between surgeon and interface with the virtual system, getting
feedback for surgeons, synchronization of virtual reality with operative field, etc.
Virtual reality can be very useful in bridging the gap between food and social behavior of
patients with diabetes and/or obesity and the rules that they should follow. The software
allows interaction with virtual environments that simulate both video and tactile sensations
and other sensations (smell, taste). Patients can learn new habits such as the amount of food
they should ingest, food choices and given encouragement to perform physical activities. Also
in people with heart disease or morbid obesity it may stimulate performing progressive
physical activity at home, even by increasing motivation.
Another direction in which virtual medicine interferes with spectacular results is the treatment
of phobias. The patient is connected to a virtual environment that simulates situations that
produce phobic states, everything being controlled and can be interrupted at any time of the
simulation [37]. Phobias treated with such reality simulation programs are: post-traumatic
stress, public speaking, arachnophobia, agoraphobia, acrophobia, claustrophobia, panic, social
phobia, stress secondary vehicle crush accidents etc. [38]. A number of applications have also
been developed, dedicated to various phobias or posttraumatic stress syndromes (Virtual Iraq/
Afghanistan, Virtual Airplane, Virtual Nicotine, Virtual Elevator, Hurricane Katrina Virtual,
Virtual World Trade Center and Virtual Vietnam) [39]. Virtual Iraq / Afghanistan is used in
more than 60 clinics and has demonstrated efficacy in reducing symptoms of posttraumatic
stress [40].
STRIVE (Stress Resilience in Virtual Environments) is an application that is used to adapt
future soldiers to fight stress. The body reactions to stress are described to the soldier and also
he can learn how to cope with this stress [40].
VirtualPatients is an application used for the clinician involved in the learning process and
interaction with the patient [40].
For trypanophobia treatment (fear of needles) a system with two lenses was developed which
shows images to the patient. It can project different scenarios such as a visit to a health center
where a nurse shall pick a blood sample. The whole system also provides feedback on the
mental and emotional reactions [41].
To help patients with disabilities, along with dedicated systems which allow the patients to
learn how to use wheelchairs in crowded cities, he can also use Second Life type virtual
environments, where through an avatar, these patients can interact with others without the
limitations encountered in the real world [42].
To avoid animal experiments there were developed digital models of rats, pigs and humans.
For example, a virtual pig head [41] and also a model of a physiological rat [43] was developed,
in order to use these models in virtual experiments.
Three-dimensional virtual reality combined with haptic feedback is used for motor recovery
of patients with stroke sequelae. This technology is currently used in experimental studies, but
it might extend in recovery clinics and even at home recovering. There are commercial systems
used for related purposes with the ability to develop complex movements of the hand. These
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applications provide an assessment of movements and skills acquired in order to follow-up
the evolution of these patients [44, 45].
A new area of research with direct implications in the therapy is currently developing: virtual
rehabilitation. Also looming as a subdomain, virtual tele-rehabilitation allows the therapist to
interact with the patient through a 3D avatar and guide them during therapy sessions. Haptic
systems attached to such systems allow the doctor to examine the patient's muscle tone [46, 47].
Another application is the virtual prototyping technology that combines virtual modeling with
rapid prototyping in order to be used in biomedical engineering (eg. for the development of
prosthetic or medical devices) [48, 49].
6. Ethics in virtual reality medicine and telemedicine
The rapid evolution of virtual reality and telemedicine may result in overcoming limits, more
so in this area as yet there are no law or ethics rules. As the interactions between people from
different countries become more and more globalized, the implementation of ethical codes
should be considered. .
Implementation of very expensive virtual reality and augmented reality systems for use in
therapy can create disparities in specialist’s presence who will migrate toward the best
equipped centers. Also there will be an imbalance in patients addressability, which also would
prefer clinics with superior performance [50, 51].
Training therapists in centers with the possibility of using virtual reality will also be more
efficient and also preoperative simulations leading to superior results. These issues are already
visible in Eastern European countries with subfinanced health systems, where both patients
and physicians migrate to Western European states.
Funding the development of such performant systems of virtual reality and telemedicine
is not currently covered by health systems or government agencies but more often through
projects  or  private sponsorships.  These facts  may lead to impairing of  projects  on long-
term [52].
As virtual systems will gain autonomy in different degrees, the responsibility of creators and
users of these systems will increase. There is currently no legislation to use autonomous robots
or virtual systems. There arises the problem of such systems errors and who will be punished
for them.
Some cultural and social problems may occur in telemedicine. Because the distance between
doctor and patient, the latter can be reduced to a mere "beneficiary" or, worse, "data source" [53].
Differences between health legislations in different countries may lead to situations such as:
doctor without a license in a country may provide remote treatment in another country; some
illegal procedures (cloning, abortion) in a country can be remotely performed in another
country where they are allowed. These differences can lead to self-limitation of experts
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performing remote therapies in countries where laws are not familiar. It is therefore necessary
to implement a symmetric legislation.
Storing data in information systems can lead to loss of confidentiality with repercussions on
both the patient and the service providers.
Patients are usually informed of these systems by mass-media (stimulated by the industry)
and these information is incomplete or insufficient.
7. Future directions
Development of virtual reality in medicine aims in the following directions: increasing fidelity
in order to reproduce the reality, haptic systems integration in the usual simulators and
surgical robots, identifying new standards for evaluating student performance, expanding the
use of simulators in the educational field, research and therapy. Virtual reality is likely to
become the most common method of learning and training young surgeons and also for senior
surgeons to acquire new skills [2].
The researchers also seek solutions to lower the costs of information systems and especially
with force feedback haptic devices, but its price makes them prohibitive for general use.
A new direction is predicted, combining virtual reality with holographic projection which
would improve the three-dimensional vision.
The combination of autonomous systems with virtual reality will be able to step into the future
for autonomous surgical robots, autonomous systems for rehabilitation of people with
disabilities, autonomous educational systems and complex software for virtual research.
8. Conclusion
The spectrum of applications of virtual reality in medicine widens permanently and it is
developing in various unexpected directions. The contribution of IT support in the develop‐
ment of medicine is huge but the possibilities and applications that will shape the future of
medicine are still unknown.
Virtual reality finds its applications in various fields and its usefulness becomes more pre‐
dominant in training, preoperative evaluation and preparation of surgeons. Learning with
virtual simulators increases the dexterity of the surgeons and reduces the number and severity
of intraoperative complications. Also, in computer-assisted research, virtual reality brings
benefits that other methods could not reach. Various models are developed for research
purposes at different levels, from macro-models to micro-or even nano-levels allowing
researchers to perform “in silico” experiments more rapidly and more cheaply.
The combination of virtual reality with the power of multiple computers as in online com‐
munities enhances the speed of research to a level otherwise unachievable at this time.
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The use of virtual reality in the diagnosis and especially in treatment of certain diseases, widens
the range of therapeutic procedures, increases operator safety, patient compliance and reduces
the duration of applied treatment. Virtual environments used to treat phobias could not be
achieved by any other means, leading to a unique mode of treatment in this field.
Using robot technology as well as telemedicine and telementoring systems will increase
surgical accuracy and will reduce hospitalization and complications and on the other hand
will increase medical expertise in disadvantaged areas or with difficult access (including
inaccessible areas for experts: stations space, underwater).
As in all newly developed fields, the virtual reality domain needs some sound rules to be
applied during its use, in order to avoid mistakes and/or injuries, especially in the field of
diagnostics and therapeutics.
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